IV. Remarks 

Reconsideration and allowance of the subject 

application are respectfully requested. 

Claims 32-59 are pending in the application. 
Claims 32, 41, 45, and 4 8 are independent. 

The drawings were objected to for the reasons noted 
at page 2 of the Office Action. Applicants respectfully 
traverse this objection. 37 CFR § 1.81(a) requires drawings 
only "where necessary for the understanding of the subject 
matter sought to be patented." Applicants respectfully submit 
that the person of ordinary skill in this field readily 
understands the structure of "a porous surface defined by a 
plurality of interconnecting struts" without the necessity 
for a drawing showing such well known stent features. 
Indeed, the Office Action and cited art make clear that the 
Examiner fully understands the structure encompassed by this 
phrase. Accordingly, Applicants respectfully submit that the 
drawings are in compliance with 37 CFR § 1.81. 

Claims 32-56 were rejected under 35 USC § 102(b) as 

being anticipated by the quoted phrase at page 5 of the 

specification, for the reasons discussed at pages 3-4 of the 

Office Action. Applicants respectfully traverse this 
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rejection. 

First, the Examiner has failed to establish that 
the quoted phrase was "patented or described in a printed 
publication in this or a foreign country or in public use or 
on sale in this country, more than one year prior to the date 
of the application for patent in the United States", as 
required by the statute. Accordingly, this rejection is 
improper . 

Secondly, the Examiner has failed to carry his 
burden of specifying where in the quoted phrase each and 
every claim element is expressly or inherently disclosed. A 
patent claim is anticipated, and therefore invalid under 35 
USC § 102, if a single prior art reference discloses, either 

expressly or inherently, each and every limitation of the 
claim. Glaverbel Societe Anonyme v. Northlake Marketing & 
Supply, Inc., 45 F.3d 1550, 1554 (Fed. Cir. 1995). For this 
reason also, the rejection is improper. 

Moreover, it is impossible for the Examiner to 
establish that every limitation of the claims is so-disclosed 
in the quoted phrase because the claims recite that the stent 
is expandable to a maximum yield point when the tubular wall 
has a diameter of less than or equal to about 3.5 mm, whereas 
the quoted phrase merely states that the maximum yield point 

of conventional stents is reached when the diameter reaches 
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about 4 mm to about 5 mm. This difference alone places the 
claims beyond a 35 USC 102(b) rejection. 

More troubling is the Examiner's statement that he 
considers "that 'about 4 nun' fulfills the claim language of 
'about 3.5 mm' and even including 'about 3.0 mm' as defined 
in Claim 44." Since the quoted phrase is indisputably 
limited to "about 4 mm", and Applicants' pending claims are 
substantially narrower, the Examiner's opinion regarding the 
scope and breadth of the quoted phrase is irrelevant. The 
statute requires that the reference disclose each and every 
limitation in the disputed claims - something the quoted 
phrase does not do. 

Also troubling is the Examiner's wholesale 102(b) 

rejection of the other claims on the ground that they are 
"well known in the art and taught in applicant's examples of 
the prior art." This is highly improper, and Applicants 
respectfully request that, if this rejection is maintained, 
the Examiner carry his burden of identifying, for each 
rejected claim, the single reference where each and every 
claim element is disclosed (not "taught"). 

In the alternative, Claims 32-56 were also rejected 
under 35 USC § 103 (a) as being obvious over the quoted phrase 
at page 5 of the specification, for the reasons discussed at 
pages 4-5 of the Office Action. The Examiner also rejected 
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Claims 32-56 under 35 USC § 103(a) as being obvious over 
Alt, for the reasons discussed at pages 5-7 of the Office 
Action. For each obviousness rejection, the Examiner states 
that it would have been an obvious matter of "design choice" 
to have made a smaller stent because a "change in size is 
generally recognized as being within the level of ordinary 
skill in the art", citing In re Rose, 105 USPQ 237 (CCPA 
1955) . Applicants respectfully traverse each of these 
rejections . 

MPEP § 2144.04 points to Gardner v. TEC Systems, 
Inc., 712 F.2d 1138, 220 USPQ 777 (Fed Cir. 1984) as ruling 
that where the only difference between the prior art and the 
claims was a recitation of relative dimensions, the claimed 
device was not patentably distinct from the prior art. 
However, that is not the case here. The present claims 
require that the stent be expandable to undergo plastic 
deformation to a maximum yield point when the tubular wall 
has a diameter of less than or equal to about 3.5 mm. There 
are many structural features, besides diameter, which a stent 
will have in order to meet these limitations. For example, 
and as described in the specification, stents may be made of 
various materials, have different thicknesses, and have 
different patterns of struts with different designs of 
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flexure members therein. These structural features are those 
which will allow the claimed stent to undergo plastic 
deformation to a maximum yield point when the tubular wall 
has a diameter of less than or equal to about 3.5 mm. 
Therefore, other stents which have the requisite 3.5 mm 
diameter may either exceed or fall short of the claimed 
plastic deformation to the maximum yield point, depending on 
structures other than the stent diameter. Accordingly, a 
different diameter is not the only structural difference 
between the stent of the present invention and the cited art. 
In view of the above, it is believed that claims patentably 

distinguish over the cited art. 

Applicants also submit that the non-obviousness of 
the present invention is evidenced by the fact that, despite 
nearly 20 years of stent technology, no one has yet disclosed 
or described a stent capable of being used in small vessels, 
such as in children. It was not until Applicants' invention 
that this field of treatment became possible. Indeed, the 
Examiner's many prior art searches without finding any 
invalidating reference have also evidenced the fact that the 
claims are non-obvious. 
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Further evidence of the non-obviousness of the 



subject application is the allowance of the corresponding EPO 
application (copy attached) with claims containing 
substantially the same features. 



In view of the above, it is believed that this 



application is now in condition for allowance, and a Notice 
thereof is respectfully requested. 



Applicants 1 undersigned attorney may be reached in 



our Washington, D.C. office by telephone at (202) 625-3507. 
All correspondence should continue to be directed to our 
address given below. 



PATENT ADMINISTRATOR 
KATTEN MUCHIN ROSENMAN LLP 
525 West Monroe Street 
Suite 1600 

Chicago, Illinois 60661-3693 
Facsimile: (312) 902-1061 



Respectfully submitted, 




Attorney for Applicants 



Registration No. 3 ^ v S^jjTfr 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an expanda- 
ble stent and to a method for production of same. More 
particularly, the present invention relates to an expand- 
able stent particularly suited for deployment in a small 
diameter body passageway (e.g. , a lumen or artery hav- 
ing a diameter of less than or equal to about 3 mm). 

BACKGROUND ART 

[0002] Stents are generally known. Indeed, the term 
"stent" has been used interchangeably with terms such 
as "intraluminal vascular graft" and "expansible prosthe- 
sis". As used throughout this specification the term 
"stent" is intended to have a broad meaning and encom- 
passes any expandable prosthetic device for implanta- 
tion in a body passageway (e.g., a lumen or artery). 
[0003] In the past ten years, the use of stents has at- 
tracted an increasing amount of attention due the po- 
tential of these devices to be used, in certain cases, as 
an alternative to surgery. Generally, a stent is used to 
obtain and maintain the patency of the body passage- 
way while maintaining the integrity of the passageway. 
As used in this specification, the term "body passage- 
way" is intended to have a broad meaning and encom- 
passes any duct (e.g., natural or iatrogenic) within the 
human body and can include a member selected from 
the group comprising; blood vessels, respiratory ducts, 
gastrointestinal ducts and the like. 
[0004] Stent development has evolved to the point 
where the vast majority of currently available stents rely 
on controlled plastic deformation of the entire structure 
of the stent at the target body passageway so that only 
sufficient force to maintain the patency of the body pas- 
sageway is applied during expansion of the stent. 
[0005] Generally, in many of these systems, a stent, 
in association with a balloon, is delivered to the target 
area of the body passageway by a catheter system. 
Once the stent has been properly located (for example, 
for intravascular implantation the target area of the ves- 
sel can be filled with a contrast medium to facilitate vis- 
ualization during fluoroscopy), the balloon is expanded 
thereby plastically deforming the entire structure of the 
stent so that the latter is urged in place against the body 
passageway. As indicated above, the amount of force 
applied is at least that necessary to expand the stent (i. 
e., the applied the force exceeds the minimum force 
above which the stent material will undergo plastic de- 
formation) while maintaining the patency of the body 
passageway. At this point, the balloon is deflated and 
withdrawn within the catheter, and is subsequently re- 
moved. Ideally, the stent will remain in place and main- 
tain the target area of the body passageway substan- 
tially free of blockage (or narrowing). 
[0006] See, for example, any of the following patents: 
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United States patent 4,733,665 (Palmaz), 
United States patent 4,739,762 (Palmaz), 
United States patent 4,800,882 (Gianturco), 
United States patent 4,907,336 (Gianturco), 
United States patent 5,035,706 (Gianturco et al.), 
United States patent 5,037,392 (Hilistead), 
United States patent 5,041 ,126 (Gianturco), 
United States patent 5,1 02,41 7 (Palmaz), 
United States patent 5,147,385 (Beck et al.), 
United States patent 5,282,824 (Gianturco), 
United States patent 5,316,023 (Palmaz et al.), 
Canadian patent 1,239,755 (Wallsten), 
Canadian patent 1,245,527 (Gianturco et al.), 
Canadian patent application number 2,134,997 
(Penn et al.), 

Canadian patent application number 2,171,047 
(Penn et al.), 

Canadian patent application number 2,175,722 
(Penn et al.), 

Canadian patent application number 2,185.740 
(Penn et al.), 

Canadian patent application number 2,192,520 
(Penn et al.), 

International patent application PCT/CA97/00151 
(Penn et al.), 

International patent application PCT/CA97/00152 
(Penn et al.), and 

International patent application PCT/CA97/00294 
(Penn et al.). 



for a discussion on previous stent designs and deploy- 
ment systems. 

[0007] Published International patent application WO 
95/26695 [Lau et al. (Lau)] teaches a self-expandable, 

35 foldable stent which may be delivered using a catheter 
or other technique. The purported point of novelty in Lau 
relates to a stent which may be folded along its longitu- 
dinal axis. The folding is accomplished by conferring 
bending and twisting stresses to the stent, which stress- 

40 es, for the material used to produce the stent, do not 
exceed that minimum stresses above which plastic de- 
formation of the stent will occur - i.e. , application of these 
stresses to the stent results in the storage of mechanical 
energy in the stent but does not result in the occurrence 

45 of any plastic deformation. 

[0008] United States patent 5,643,31 2 [Fischell et at. 
(Fischell)] teaches a stent having a multiplicity of closed 
circular structures connected by a series of longitudi- 
nals. The stent is initially produced in a pre-deployment 

so form comprising ovals connected by the longitudinals 
(see Figures 4 and 5). The pre-deployment form of the 
stent is than placed on the end of a balloon stent delivery 
catheter and the ovals are folded about their minor axis 
by securing the ovals at each end of the structure and 

55 translating a pair of opposed longitudinals (see Figure 
6). 

[0009] Many conventional stents rely on plastic defor- 
mation of the material from the stent is constructed for 
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proper deployment. The stress-strain profile is substan- 
tially consistent for a given material (e.g., stainless 
steel) from which the stent is constructed. This profile 
has two specific regions of interest. 
[0010] The first region is that portion of the profile in 
which the material exhibits elastic behaviour. Specifical- 
ly, the profile is substantially linear (i.e, a substantially 
constant slope). During this first region, if the expansive 
force is removed, the stent will recoil to near its original 
diameter - i.e., the material is still in an elastic state 
which results in recoil of the stent if the force is removed. 
[0011] The second region of the profile is reached 
when the occurrence of recoil is substantially reduced - 
i.e., the stent will recoil less than 15%, preferably less 
than 1 0%, more preferably less than 5%, of the expand- 
ed diameter of the stent. Practically, this is the elastic 
limit of the material. Once this point is reached, the ma- 
terial begins to exhibit plastic behaviour. This second 
region of the profile has three successive sub-regions 
of interest along the profile: (i) plastic deformation or 
yielding; (ii) strain hardening; and (iii) necking. 
[0012] Once the material begins to exhibit plastic be- 
haviour, continuation of the expansive forces results in 
a breakdown of the material which causes it to deform 
permanently - this is known as "plastic deformation" or 
"yielding". In this sub-region, the stent will continue to 
expand with substantially no increase in the expansive 
forces. The term "maximum yield point", when used 
throughout this specification in the context of an expand- 
ing stent, is intended to mean the point on the profile 
above which an increased expansive force can be ap- 
plied to the stent to further expand the stent resulting in 
a decrease in the cross-sectional area of the expanding 
material. In other words, above the "maximum yield 
point", the onset of "strain hardening" sub-region of the 
profile occurs in which the profile rises as a continuous 
curve to a maximum stress which is also known as the 
"ultimate stress". Exceeding the ultimate stress leads to 
onset of "necking" sub-region of the profile in which the 
cross-sectional area of the stent material decreases in 
a localized region of the stent. Since the cross-section 
area is decreasing, the smaller area can only carry a 
decreasing load resulting in a downward curve from the 
ultimate stress until the material breaks at the "fracture 
stress". 

[0013] Thus, in conventional stents which rely on 
plastic deformation for deployment, the unexpanded 
stent is typically in an elastic state (i.e., the first region 
of the above-mentioned profile) and is expanded to a 
plastic state (i.e., the second region of the above-men- 
tioned profile), particularly to a point falling with the first 
sub-region of the latter. Practically, it is generally desir- 
able to deploy the stent to a diameter which is as close 
as possible to, but does not exceed, the maximum yield 
point discussed above. The reason for is that the radial 
rigidity of the stent is maximized. 
[001 4] One application of stenting which has received 
little or no attention is that of stenting of small diameter 



body passageways. As used throughout this specifica- 
tion, the term "small diameter body passageway" is in- 
tended to mean an artery or lumen having a diameter of 
less than or equal to about 3 mm. As used throughout 

5 this specification, the term "large diameter body pas- 
sageway" is intended to mean an artery or lumen having 
a diameter of greater than about 3 mm. 
[0015] One likely reason for this is that the conven- 
tional stents are designed for implantation into a large 

10 diameter body passageway. More specifically, stents 
which rely on controlled plastic deformation of the entire 
structure of the stent at the target body passageway are 
designed to have a maximum yield point at an expan- 
sion diameter commensurate with the large diameter 

*5 body passageway. For most conventional such stents 
the maximum yield point is reached at a point when the 
diameter of the expanded stent is about 4 mm to about 
5 mm. In the unexpanded state, the diameter of the stent 
is about 1 .5 mm. Such stents are inappropriate for im- 

20 plantation into a small body passageway - i.e., an artery 
or lumen having a diameter of less than or equal to about 
3 mm. This principal reason for this is the dual effect of 
relatively high recoil forces inherent with such body pas- 
sageways and poor radial rigidity of the stent if it is ex- 

25 panded to a diameter of less than or equal to about 3 
mm - i.e., well below the maximum yield point. 
[0016] Accordingly, it would be desirable to have an 
improved stent which overcomes these disadvantages. 
It would be further desirable if the improved stent could 

30 be manufactured readily. It would be further desirable if 
the improved stent could be deployed using convention- 
al stent delivery systems. 

DISCLOSURE OF THE INVENTION 

35 

[0017] It is an object of the present invention to pro- 
vide a novel expandable stent which obviates or miti- 
gates at least one of the above-mentioned disadvantag- 
es of the prior art. 

40 [0018] Thus, in one of its aspects, the present inven- 
tion provides an unexpanded stent comprising a proxi- 
mal end and a distal end in communication with one an- 
other, a tubular wall disposed between the proximal end 
and the distal end, the tubular wall having a longitudinal 

45 axis and a porous surface defined by a plurality of inter- 
connecting struts, the stent being expandable upon the 
application of a radially outward force thereon to under- 
go plastic deformation to a maximum yield point when 
the tubular wall has a diameter of less than or equal to 

so about 3.5 mm. 

[0019] In another of its aspects, the present invention 
provides an unexpanded stent comprising a proximal 
end and a distal end in communication with one another, 
a tubular wall disposed between the proximal end and 

55 the distal end, the tubular wall having a longitudinal axis 
and a porous surface defined by a plurality of intercon- 
necting struts, the stent being expandable upon the ap- 
plication of a radially outward force thereon: 
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from a first unexpanded position to a second pre- 
expanded position at which the stent has reached 
a point of plastic deformation; and 
from the second pre-expanded position to a third 
expanded position wherein the stent will undergo 5 
plastic deformation to maximum yield point when 
the tubular wall has a diameter of less than or equal 
to about 3.5 mm. 

[0020] In another of its aspects, the present invention- 
provides a partially expanded stent comprising a proxi- 
mal end and a distal end in communication with one an- 
other, a tubular wall disposed between the proximal end 
and the distal end, the tubular wall having a longitudinal 
axis and a porous surface defined by a plurality of inter- 
connecting struts, the stent: 

having been expanded by the application of a radi- 
ally outward force thereon from a first unexpanded 
position to a second pre-expanded position at which 
the stent has reached a point of plastic deformation, 
and 

being further expandable upon the application of a 
radially outward force thereon from the second pre- 
expanded position to a third expanded position 
wherein the stent will undergo plastic deformation 
to a maximum yield point. Preferably (but not nec- 
essarily) , in the third expanded position of the stent, 
the maximum yield point is reached when the tubu- 
lar wall has a diameter of less than or equal to about 
3.5 mm. 

[0021] In yet another of its aspects, the present inven- 
tion provides a stent delivery kit comprising: 

a catheter; 

an expandable member disposed on the catheter; 
and 

a partially expanded stent disposed on the catheter, 
the stent comprising a proximal end and a distal end 
in communication with one another, a tubular wall 
disposed between the proximal end and the distal 
end, the tubular wall having a longitudinal axis and 
a porous surface defined by a plurality of intercon- 
necting struts, the stent: 

having been expanded by the application of a 
radially outward force thereon from a first un- 
expanded position to a second pre-expanded 
position at which the stent has reached a point 
of plastic deformation, and 
being expandable upon the application of a ra- 
dially outward force thereon from the second 
pre-expanded position to a third expanded po- 
sition wherein the stent will undergo plastic de- ss 
formation to a maximum yield point. Preferably 
(but not necessarily), in the third expanded po- 
sition of the stent, the maximum yield point is 
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reached when the tubular wall has a diameter 
of less than or equal to about 3.5 mm. 

[0022] In yet another if its aspects, the present inven- 
tion provides a method for mounting an unexpended 
stent on a catheter having an expandable member dis- 
posed thereon, the unexpanded stent comprising a 
proximal end and a distal end in communication with one 
another, a tubular wall disposed between the proximal 
end and the distal end, the tubular wall having a longi- 
tudinal axis and a porous surface defined by a plurality 
of interconnecting struts, the stent being expandable up- 
on the application of a radially outward force thereon: 

(i) expanding the unexpanded stent to a second 
pre-expanded position at which the stent has 
reached a point of plastic deformation to produce a 
partially expanded stent; and 

(ii) placing the partially expanded stent on the ex- 
pandable member of the catheter. 

[0023] Thus, the present inventors have developed a 
novel stent which is fundamentally different from stents 
produced heretofore. Specifically, whereas convention- 
al stents are normally deployed by a single expansion 
from an initial unexpanded state in which the stent ma- 
terial exhibits elastic behaviour to a fully (i.e., final) ex- 
panded state in which the stent exhibits plastic behav- 
iour, the approach in a preferred embodiment of the 
present invention is based on delivery of a stent which 
has been pre-expanded to a point of plastic deformation 
prior to deployment in a subject. Thus, a preferred em- 
bodiment of the present stent is deployed using two dis- 
tinct expansion steps. As will be developed below, in this 
preferred embodiment, the initial expansion step is con- 
ducted ex vivo whereas the final expansion step is con- 
ducted in vivo. 

[0024] While there are many advantages which ac- 
crue from the present stent, the three principal advan- 
tages are: 

(i) debulking of the stent - i.e., since the stent is de- 
ployed in vivo from a pre-expanded state, less ma- 
terial is required to construct the unexpanded stent 
when compared to an unexpanded stent which is 
deployed in vivo - i.e., the stent may be constructed 
from a small tube; 

(ii) since the amount of material need to construct 
the stent is reduced, the flexibility of the stent is im- 
proved; and/or 

(iii) the ability to provide a stent having a maximum 
yield point which is reached at a diameter commen- 
surate (i.e., relative to the prior art) with the typical 
diameter of a small body passageway. 

[0025] While the present stent is suited to use with 
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both large body passageways and small body passage- 
ways, it is particularly well suited for the latter. From a 
practical perspective, much of the state of the art in 
stenting utilizes a low profile balloon mounted on a cath- 
eter. Conventionally, this balloon can have a diameter 
of about 1 .0 mm to about 1 .3 mm. Since most conven- 
tional stents have a final expanded diameter to unex- 
panded diameter ratio of about 3.0 (this assures that the 
point of plastic deformation has been reached and the 
stent material has been stressed to near the maximum 
yield point), a conventional stent has a final expansion 
diameter of 4.5-5.0 mm, making it unsuitable for use in 
a small diameter body passageway. 
[0026] A novel application of the present stent is to 
produce the unexpanded stent with a small enough di- 
ameter such that the optimal expanded diameter to un- 
expanded diameter ratio can be reconciled with the de- 
sire that the stent material reaches the maximum yield 
point once the stent is expanded to a diameter of less 
than or equal to about 3.5 mm, preferably less than or 
equal to about 3.3 mm, more preferably in the range of 
from about 2.2 mm to about 3.3 mm, most preferably in 
the range of from about 2.5 mm to about 3.0 mm. Prac- 
tically, this has been achieved by designing the stent so 
that it may be initially expanded to allow it to be mounted 
on a delivery system - e.g., a conventional low profile 
balloon mounted on a catheter. Once so mounted, the 
stent is delivery to the target small diameter body pas- 
sageway whereupon a second and distinct expansion 
step is effected to deploy the stent. Thus, as stated 
above, in a preferred embodiment of the present stent, 
the initial expansion step is conducted ex vivo and the 
final expansion step is conduct in vivo. 
[0027] To the knowledge of the present inventors, this 
is the first targeted approach to stenting of small diam- 
eter body passageways. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Embodiments of the present invention will be 
described with reference to the accompanying drawings 
wherein like numerals designate like parts and in which: 

Figure 1 illustrates a schematic of an embodiment 
for producing the present stent in its unexpanded 
state; 

Figure 2 and 3 illustrate a schematic of one pre- 
ferred embodiment of effecting partial expansion of 
the unexpanded stent; 

Figures 4 and 5 illustrate a schematic of another 
preferred embodiment of effecting partial expansion 
of the unexpanded stent; 

Figures 6 and 7 illustrate a schematic of mounting 
of the partially expanded stent produced in Figures 
2-5 on to a balloon-mounted catheter; 
Figure 8 illustrates the placement in a small diam- 
eter body passageway the balloon-mounted cathe- 
ter have mounted thereon the partially expanded 



stent; and 

Figure 9 illustrates final expansion of the partially 
expanded stent in the small diameter body pas- 
sageway. 

5 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] The specific design of the porous surface is not 
particularly restricted. Preferably, in the unexpanded 

10 state, at least two of the struts meet at the intersection 
point to define an acute angle. 
[0030] In the context of the present stent, various re- 
peating patterns in the porous surface of the tubular wall 
are particularly advantageous. Generally, the preferred 

*5 repeating pattern is a plurality of intersecting members 
arranged to define a first repeating pattern comprised of 
a polygon having a pair of side walls substantially par- 
allel to the longitudinal axis, a concave-shaped first wall 
having a first apex and a convex-shaped second wall 

20 having a second apex, the first wall and the second wall 
connecting the side walls. Preferably, at least one, more 
preferably both, of the first apex and the second apex is 
substantially flat. The first apex and the second apex 
may be of the same or different length. 

25 [0031] Preferably, the side walls comprise longitudi- 
nal struts disposed substantially parallel to the longitu- 
dinal axis of the stent, each of the longitudinal struts 
comprising flexure means for substantially complemen- 
tary extension and compression of a diametrically op- 

30 posed pair of the longitudinal struts upon flexure of the 
stent. Practically, the flexure means may comprise at 
least one lateral section disposed in each longitudinal 
strut. The lateral section may have a pointed apex, a 
rounded apex, a flat apex and the like. Further, the f lex- 

35 ure means may comprise more than one such lateral 
per longitudinal strut. If two sections are provided per 
longitudinal strut, they may be symmetric or asymmet- 
ric. Further the two sections may have substantially the 
same shape and differing size, or they may have differ- 

40 ing shape and size, or they may have substantially the 
same shape and differing size. 
[0032] The preferred flexure means comprises an S- 
shaped portion - e.g., a pair of joined curved sections 
wherein each curve section has an arc equal to or great- 

45 er that about 1 80°. The curved sections may be of sub- 
stantially the same or different size. 
[0033] Non-limiting examples of various preferred re- 
peating patterns incorporating some or all of these fea- 
tures and which are useful in the context of the present 

so stent are disclosed in the following copending patent ap- 
plications: 

Canadian patent application number 2,134,997 
(Penn et al.), 

55 Canadian patent application number 2,171,047 
(Pennet al.), 

Canadian patent application number 2,175,722 
(Penn et at.), 
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Canadian patent application number 2,185,740 
(Penn et al.), 

Canadian patent application number 2,192,520 
(Penn et a).), 

International patent application PCT/CA97/00151 s 
(Penn et al.) and 

International patent application PCT/CA97/00152 
(Penn et al.). 

Of course, many conventional repeating patterns may 
be incorporated into the present stent 
[0034] The present stent may be constructed from 
any suitable starting material. Preferably, the starting 
material is a thin tube of a metal or alloy. In one preferred 
embodiment, the starting material may be one which is 
plastically deformable-non-limiting examples of such a 
material include stainless steel, titanium, tantalum and 
the like. In another preferred embodiment, the starting 
material may be one which expands via temperature- 
dependent memory (i.e., a material which will expand 
upon reaching a certain temperature) - non-limiting ex- 
amples of such a material include balloon expandable 
nitinol and the like. 

[0035] With reference to Figure 1 , there is illustrated 
a side elevation of a solid tube 10 of a starting material 
for producing the present stent. The nature of solid tube 
1 0 is not particularly restricted and includes all materials 
conventionally used to produce stents. In one preferred 
embodiment, solid tube 1 0 is constructed of a plastically 
deformable material. As discussed above, an on-limiting 
example of such a material is stainless steel. In another 
preferred embodiment, solid tube 10 is constructed of a 
material which will expand when a certain temperature 
is reached. In this embodiment, the material may be a 
metal alloy (e.g., nitinol) capable of self-expansion at a 
temperature of at least about 30°C, preferably in the 
range of from about 30° to about 40°C. Preferably, solid 
tube 1 0 has a thickness in the range of from about 0.076 
mm to about 0.38 mm [from about 0.003 to about 0.01 5 
inches]. 

[0036] If the stent is to be used in a small body pas- 
sageway, it is preferred that solid tube 10 have a diam- 
eter in the range of from about 0.5 mm to about 1 .0 mm. 
If the stent is to be used in a large body passageway, it 
is preferred that solid tube have a diameter of greater 
than about 1 .0 mm, preferably in the range of from about 
1 .3 mm to about 1 .6 mm. 

[0037] Solid tube 10 is then subjected to processing 
which results in removal of a portion thereof to define a 
porous surface. While the precise nature of this process- 
ing is not particularly restricted, it is preferred that the 
processing by effected on a computer programmable, 
laser cutting system illustrated generally at 20, Laser 
cutting system 20 operates by: 

(i) receiving solid tube 10; 

(ii) moving solid tube 10 longitudinally and rotation- 
ally under a laser beam to selectively remove sec- 



tions of solid tube 1 0 thereby defining a porous sur- 
face; and 

(iii) cutting stent sections of desirable length of solid 
tube 10. 

A suitable such laser cutting system is known in the art 
as the LPLS-1 00 Series Stent Cutting Machine. The op- 
eration of this system to produce the unexpanded stent 
is within the purview of a person skilled in the art. 
[0038] Thus, the stent produced from laser cutting 
system 20 is in the unexpanded state - i.e.. the stent will 
exhibit elastic behaviour in this state. 
[0039] If desired, the stent may be subjected to further 
processing to apply a coating material thereon. The 
coating material may be disposed continuously or dis- 
continuously on the surface of the stent. Further, the 
coating may be disposed on the interior and/or the ex- 
terior surface(s) of the stent. The coating material may 
be one or more of a biologically inert material (e.g., to 
reduce the thrombogenicity of the stent), a medicinal 
composition which leaches into the wall of the body pas- 
sageway after implantation (e.g., to provide anticoagu- 
lant action, to deliver a pharmaceutical to the body pas- 
sageway and the like), a radioactive composition (e.g., 
to render the stent radioopaque during delivery) and the 
like. 

[0040] The stent is preferably provided with a biocom- 
patible coating, in order to minimize adverse interaction 
with the walls of the body vessel and/or with the liquid, 
usually blood, flowing through the vessel. The coating 
is preferably a polymeric material, which is generally 
provided by applying to the stent a solution or dispersion 
of preformed polymer in a solvent and removing the sol- 
vent. Non-polymeric coating material may alternatively 
be used. Suitable coating materials, for instance poly- 
mers, may be polytetraflouroethylene or silicone rub- 
bers, or polyurethanes which are known to be biocom- 
patible. Preferably, however, the polymer has zwitteri- 
onic pendant groups, generally ammonium phosphate 
ester groups, for instance phosphoryl choline groups or 
analogues thereof. Examples of suitable polymers are 
described in published International patent applications 
WO-A-93/16479 and WO-A-93/15775. Polymers de- 
scribed in those specifications are hemo-compatible as 
well as generally biocompatible and, in addition, are lu- 
bricious. When a biocompatible coating is used, It is im- 
portant to ensure that the surfaces of the stent are com- 
pletely coated in order to minimize unfavourable inter- 
actions, for instance with blood, which might lead to 
thrombosis. 

[0041] This good coating can be achieved by suitable 
selection of coating conditions, such as coating solution 
viscosity, coating technique and/or solvent removal 
step. The coating, if present, can be applied to the stent 
in the pre-expanded or contracted state. Preferably, the 
stent is applied to the coating in the pre-expanded state 
to obviate or mitigate the likelihood of damage to the 
coating during the transition from the contracted (i.e., 
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unexpanded) state to the pre-expanded stated. 
[0042] With reference to Figures 2 and 3, there is il- 
lustrated, in schematic, one preferred embodiment of ef- 
fecting partial expansion of the unexpanded stent pro- 
duced in Figure 1. Specifically, there is shown a solid s 
mandrel 50 having a tapered tip 55, and an unexpanded 
stent 30 produced from laser cutting system 20 (Figure 
1 ). Tapered tip 55 of mandrel 50 is placed one open end 
of unexpanded stent 30. Thereafter, mandrel 50 is 
forced into stent 30 in the direction of arrow A. FVacti- 10 
cally, this can be achieved by keeping mandrel 50 sta- 
tionary and forcing stent 30 over mandrel 50 or by keep 
stent 30 stationary and forcing mandrel 50 into stent 30. 
With reference to Figure 3, as mandrel 50 enters stent 
30, tapered tip 55 serves to apply a radially outward '5 
force in the direction of arrows Bon stent 30 of sufficient 
magnitude such that the stent reaches the point of plas- 
tic deformation - i.e., when mandrel 50 is removed, the 
partially expanded stent will recoil less that 15%, pref- 
erably less than 1 0%, more preferably less than 5%, of 20 
the expanded diameter of the stent. The partially ex- 
panded stent is designated 30a. 
[0043] With reference to Figures 4 and 5, there is il- 
lustrated, in schematic, of one preferred embodiment of 
effecting partial expansion of the unexpanded stent pro- 25 
duced in Figure 1 . Specifically, there is shown an ex- 
pandable mandrel 60 having a tapered tip 65 and a se- 
ries of expandable vanes 70. The diameter of expand- 
able mandrel 60 (in the unexpanded state) is less than 
that of unexpanded stent 30. Thus, expandable mandrel 30 
60 may be readily placed with stent 30 as illustrated in 
Figure 4. Once expandable mandrel 60 is placed within 
stent 30 (preferably the ends of expandable mandrel 60 
emanate from the ends of stent 30), the interior of the 
expandable mandrel is pressurized (e.g., by forcing a 35 
fluid into the interior of expandable mandrel 60 or similar 
means) resulting in application of a radially outward 
force in the direction of arrows C on stent 30 of sufficient 
magnitude such that the stent reaches the point of plas- 
tic deformation-i.e., when mandrel 60 is removed, the 
partially expanded stent will recoil less that 15%, pref- 
erably less than 10%, more preferably less than 5%, of 
the expanded diameter of the stent. The partially ex- 
panded stent is designated 30a. After partial expansion 
of stent 30, expandable mandrel 60 is deflated and with- 45 
drawn from partially expanded stent 30a. If the stent is 
to be used in a small body passageway, it is preferred 
that the diameter of the partially expanded stent be at 
least about 1 .3 mm, preferably in the range of from about 
1 .4 mm to about 1 .6 mm - i.e., of sufficient diameter to so 
be placed on an expandable member of catheter deliv- 
ery system. 

[0044] With reference to Figures 6 and 7, there is il- 
lustrated a schematic of mounting of the partially ex- 
panded stent produced in Figures 2-5 (or by any other 55 
means) on to a bailoon-mounted catheter 1 00. Catheter 
1 00 comprises a balloon 1 1 0 mount at a distal end there- 
of. Balloon 110 is in communication with a tube 115. A 



guidewire 105 is disposed coaxially within balloon 110 
and tube 1 1 5. Catheter 1 00 is conventional and may be, 
for example, a low profile balloon as discussed above. 
Balloon 110 is placed within partially expanded stent 
30a and crimped (e.g., mechanically) down on balloon 
110 in the direction of arrows D (Figure 7). Such mount- 
ing of a stents on a balloon is conventional. 
[0045] Deployment of partially expanded stent 30a 
will now be described with reference to Figures 8 and 9. 
Figure 8 illustrates the placement in a small diameter 
body passageway of the balloon -mounted catheter 
have mounted thereon the partially expanded stent. Fig- 
ure 9 illustrates final expansion of the partially expanded 
stent in the small diameter body passageway. 
[0046] Thus, there is illustrated a small body passage- 
way 120 have a stenosis 125 therein, Catheter 1 00 hav- 
ing partially expanded stent 30a mounted thereon is 
navigated to the stenosis in a conventional manner. On 
in the proper location, balloon 110 is pressurized (e.g., 
by forcing a fluid through tube 115 into balloon 100) re- 
sulting in the application of a radially outward force on 
partially expanded stent 30a. Exertion of this force re- 
sults in further plastic deformation of partially expanded 
stent 30a until it reaches its fully expanded state 30b at 
which point stenosis 125 is alleviated - at this fully ex- 
panded state, the stent material is close to, but has not 
exceed, the maximum yield point. 
[0047] As will be apparent to those of skill in the art, 
it is important to ensure that, during expansion of par- 
tially expanded stent 30a to its fully expanded state 30b , 
the maximum yield point is not exceeded since this can 
results in catastrophic failure of thestent. In other words, 
expansion of the stent should not be at a stress-strain 
level in the beyond the first sub-region of the second 
region of the profile discussed above. With the present 
specification in hand, those of skill in the art will be read- 
ily able to reconcile the following factors to produce a 
useful stent: (i) specific porous design of the stent, (ii) 
the material used to construct the stent, (iii) the diameter 
of tubular material from which the unexpanded stent is 
made, (iv) stress-strain level at which the point of plastic 
deformation is reached and (v) stress-strain level at 
which the maximum yield point is reached. 
[0048] While this invention has been described with 
reference to illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various 
modifications of the illustrative embodiments, as well as 
other embodiments of the invention, will be apparent to 
persons skilled in the art upon reference to this descrip- 
tion. It is therefore contemplated that the appended 
claims will cover any such modifications or embodi- 
ments. 



Claims 

1. An unexpanded stent comprising a proximal end 
and a distal end in communication with one another, 
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a tubular wall disposed between the proximal end 
and the distal end, the tubular wall having a longi- 
tudinal axis and a porous surface defined by a plu- 
rality of interconnecting struts, characterized in 
that the stent is expandable upon the application of 
a radially outward force thereon to undergo plastic 
deformation to a maximum yield point when the tu- 
bular wall has a diameter of less than or equal to 
about 3.5 mm. 

2. The unexpanded stent defined in Claim 1 , wherein 
the stent is expandable upon the application of a 
radially outward force thereon to undergo plastic 
deformation to a maximum yield point when the tu- 
bular wall has a diameter of less than or equal to 
about 3.3 mm. 

3. The unexpanded stent defined in Claim 1 , wherein 
the stent is expandable upon the application of a 
radially outward force thereon to undergo plastic 
deformation to a maximum yield point when the tu- 
bular wall has a diameter in the range of from about 
2.2 to about 3.3 mm. 

4. The unexpanded stent defined in Claim 1 , wherein 
the stent is expandable upon the application of a 
radially outward force thereon to undergo plastic 
deformation to a maximum yield point when the tu- 
bular wall has a diameter in the range of from about 
2.5 to about 3.0 mm. 

5. The unexpanded stent defined in any one of Claims 
1 -4, wherein the stent has a diameter less than or 
equal to about 1.1 mm. 

6. The unexpanded stent defined in any one of Claims 
1-4, wherein the stent has a diameter in the range 
of from about 0.5 to about to about 1 .1 mm. 

7. The unexpanded stent defined in any one of Claims 
1-4, wherein the stent has a diameter in the range 
of from about 0.5 to about to about 1 .0 mm. 

8. The unexpanded stent defined in any one of Claims 
1 -7, wherein the tubular wall has a substantially cir- 
cular cross-section. 

9. The unexpanded stent defined in any one of Claims 
1-8, wherein the tubular wall is constructed of a 
plastically deformable material. 

10. The unexpanded stent defined in any one of Claims 
1 -9, wherein the stent has disposed thereon a coat- 
ing material selected from one or more of a biolog- 
ically inert material, a medicinal composition and a 
radioactive composition. 

11. A partially expanded stent comprising a proximal 



end and a distal end in communication with one an- 
other, a tubular wall disposed between the proximal 
end and the distal end, the tubular wall having a lon- 
gitudinal axis and a porous surface defined by a plu- 
5 rality of interconnecting struts, characterized in 
that the stent: 

has been expanded by the application of a ra- 
dially outward force thereon from a first unex- 

10 panded position to a second pre-expanded po- 

sition at which the stent has reached a point of 
plastic deformation, and 
is further expandable upon the application of a 
radially outward force thereon from the second 

is pre-expanded position to a third expanded po- 

sition wherein the stent will undergo plastic de- 
formation to a maximum yield point when the 
tubular wall has a diameter of less than or equal 
to about 3.5 mm. 

20 

12. The partially expanded stent defined in Claim 11, 
wherein, in the third expanded position of the stent, 
the maximum yield point is reached when the tubu- 
lar wall has a diameter of less than or equal to about 

25 3.3 mm. 

13. The partially expanded stent defined in Claim 11, 
wherein, in the third expanded position of the stent, 
the maximum yield point is reached when the tubu- 

30 lar wall has a diameter in the range of from about 
2.2 to about 3.3 mm. 

14. The partially expanded stent defined in Claim 11, 
wherein, in the third expanded position of the stent, 

35 the maximum yield point is reached when the tubu- 
lar wall has a diameter in the range of from about 
2,5 to about 3.0 mm. 

15. A stent delivery kit comprising: 

40 

a catheter; 

an expandable member disposed on the cath- 
eter; and 

the partially expanded stent defined in any one 
4 5 of Claims 11-14 disposed on the catheter. 

16. The stent delivery kit defined in Claim 15, wherein 
the stent is mechanically mounted on the expand- 
able member. 

so 

17. The stent delivery kit defined in Claim 16, wherein 
the stent is crimped onto the expandable member. 



1. Ein unausgedehnter Stent, der ein nahes und ein 
distales Ende umfasst, die miteinander in Verbin- 
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dung stehen, eine hulsenformige Wand, die sich 
zwischen dem nahen und dem distalen Ende befin- 
det, und die eine Langsachse hat sowie eine porose 
Oberflache, gebildet durch eine Mehrzahl von Ver- 
bindungsstreben, dadurch gekennzelchnet, dass 
der Stent ausdehnbar ist und zwar mittels Einwir- 
kung einer radial nach auBen gerichteten Kraft, urn 
eine plastische Verformung durchzumachen bis zu 
einer maximalen Flie(3grenze auszufuhren, an der 
die hulsenformige Wand einen Durchmesser von 
weniger Oder gleich ungefahr 3,5 mm hat. 

2. Der unausgedehnte Stent gemaB Anspruch 1 , wo- 
bei der Stent ausdehnbar ist bei der Einwirkung ei- 
ner radial nach auBen gerichteten Kraft urn eine pla- 
stische Verformung bis zu einer maximalen 
FlieBgrenze auszufuhren, an der die hulsenformige 
Wand einen Durchmesser von weniger Oder gleich 
ungefahr 3,3 mm hat. 

3. Der unausgedehnte Stent gemaB Anspruch 1 , wo- 
bei der Stent ausdehnbar ist bei der Einwirkung ei- 
ner radial nach auBen gerichteten Kraft urn eine pla- 
stische Verformung bis zu einer maximalen 
FlieBgrenze auszufuhren, an der die hulsenformige 
Wand einen Durchmesser in der GroBenordnung 
von ungefahr 2,2 mm bis zu ungefahr 3,3 mm hat. 

4. Der unausgedehnte Stent gemaB Anspruch 1 , wo- 
bei der Stent ausdehnbar ist bei der Einwirkung ei- 
ner radial nach auBen gerichteten Kraft um eine pla- 
stische Verformung bis zu einer maximalen 
FlieBgrenze auszufuhren, an der die hulsenformige 
Wand einen Durchmesser in der GroBenordnung 
von ungefahr 2,2 bis ungefahr 3,3 mm hat. 

5. Der unausgedehnte Stent gemaB einem der An- 
spruche 1 - 4, wobei der Stent einen Durchmesser 
von weniger oder gleich ungefahr 1 ,1 mm hat. 

6. Der unausgedehnte Stent gemaB einem der An- 
spruche 1 - 4, wobei der Stent einen Durchmesser 
in der GroBenordnung von ungefahr 0,5 mm bis un- 
gefahr 1.1 mm hat. 

7. Der unausgedehnte Stent gemaB einem der An- 
spruche 1 - 4, wobei der Stent einen Durchmesser 
in der GroBenordnung von ungefahr 0,5 bis unge- 
fahr 1 ,0 mm hat. 

8. Der unausgedehnte Stent gemaB einem der An- 
spriiche 1 - 7, wobei die hulsenformige Wand einen 
im Wesentlichen kreisformigen Querschnitt hat. 

9. Der unausgedehnte Stent gemaB einem der An- 
spruche 1 - 8, wobei die hulsenformige Wand aus 
einem plastisch verformbaren Material gebildet ist. 
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10. Der unausgedehnte Stent gemaB einem der An- 
spruche 1 - 9, wobei auf den Stent ein Beschich- 
tungsmaterial aufgebracht ist, welches aus einem 
Oder mehreren biologisch tragen, einer medizini- 

5 schen Zusammensetzung oder einer radioaktiven 
Zusammensetzung besteht. 

11. Ein teilweise ausgedehnter Stent, umfassend ein 
nahes und ein distales Ende, die mit einander in 

10 Verbindung stehen, sowie eine hulsenformige 
Wand, die sich zwischen dem nahen und dem di- 
stal en Ende befindet und die eine Langsachse und 
ein porose Oberflache hat, die durch eine Mehrzahl 
von miteinander verbundenen Verstrebungen ge- 

15 btidet ist, gekennzelchnet dadurch, dass der 
Stent 

durch die Anwendung einer radial nach au- 
Ben wirkenden Kraft hierauf aus einer nicht ausge- 
dehnten Position in eine zweite, vorausgedehnte 
20 Position ausgedehnt wurde, bei welcher der Stent 
einen Punkt einer plastischen Verformung erreicht 
hat, und 

bei Aufbringen einer radial nach auBen wir- 
kenden Kraft hierauf von der zweiten, vor-ausge- 
25 dehnten Position zu einer dritten ausgedehnten Po- 
sition ausgedehnt wird, wobei der Stent eine plasti- 
sche Verformung bis zu einem maximalen End- 
punkt ausfuhrt, wobei die hulsenformige Wand von 
weniger oder gleich etwa 3,5 mm aufweist. 

30 

12. Der teilweise ausgedehnte Stent gemaB Anspruch 
11, wobei in der dritten ausgedehnten Position des 
Stents die maxirnale FlieBgrenze erreicht ist, wenn 
die hulsenformige Wand einen Durchmesser in der 

35 GroBenordnung von ungefahr 2,2 bis ungefahr 3,3 
mm hat. 

13. Der teilweise ausgedehnte Stent gemaB Anspruch 
11 , wobei in der dritten ausgedehnten Position des 

40 Stents die maxirnale FlieBgrenze erreicht ist, wenn 
die hulsenformige Wand einen Durchmesser in der 
GroBenordnung von ungefahr 2,2 bis ungefahr 3,3 
mm hat. 

4 5 14. Der teilweise ausgedehnte Stent gemaB Anspruch 
11, wobei in der dritten ausgedehnten Position des 
Stents die maxirnale FlieBgrenze erreicht ist, wenn 
die hulsenformige Wand einen Durchmesser in der 
GroBenordnung von ungefahr 2,5 bis ungefahr 3,0 

50 mm hat. 

15. Ein Stentbausatz, derbeinhaltet: 
ein Katheter, 

55 ein ausdehnbares Glied, das an dem Katheter 

angebracht ist; und der 

teilweise ausgedehnte Stent wie in einem der 
Anspriiche 11-14 beschrieben, die auf dem 
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Katheter angebracht ist. 

16. Der Stentbausatz gema(3 Anspruch 15, wobei der 
Stent mechanisch auf das ausdehnbare Glied mon- 
tiert ist. 

17. Der Stentbausatz gemaB Anspruch 16, wobei der 
Stent auf das ausdehnbare Glied gequetscht ist. 



Revendicatlons 

1. Un expanseur vascutaire non dilate comprenant 
une extremity proximale et une extremite distale en 
communication reciproque, une paroi tubulaire dis- 
posed entre I'extremrte proximale et rextremite dis- 
tale, la paroi tubulaire ayant un axe longitudinal et 
une surface poreuse definie par une pluralite de ti- 
ges inter-connectees, caracterise en ce que I'ex- 
panseur vasculaire est dilatable par application 
d'une force radiale dirigee vers I'exterieur en subls- 
sant une deformation plastique jusqu'fc une limite 
plastique maximale lorsque la paroi tubulaire pre- 
sente un diametre inferieur ou egal k environ 3,5 
mm. 

2. L'expanseur vasculaire non dilate" selon la revendi- 
cation 1 , dans jequel Pexpanseur vasculaire est di- 
latable par application d'une force radiale dirigee 
vers I'exterieur sur celui-ci en subissant une defor- 
mation plastique jusqu'a une limite plastique maxi- 
mum lorsque la paroi tubulaire presente un diame- 
tre inferieur ou egal a environ 3,3 mm. 

3. L'expanseur vasculaire non dilate selon la revendi- 
cation 1 , dans lequel l'expanseur vasculaire est di- 
latable par application d'une force radiale dirigee 
vers I'exterieur sur celui-ci en subissant une defor- 
mation plastique jusqu'e une limite plastique maxi- 
mum lorsque la paroi tubulaire presente un diame- 
tre dans la fourchette d'environ 2,2 a environ 3,3 
mm. 

4. L'expanseur vasculaire non dilate selon la revendi- 
cation 1 , dans lequel l'expanseur vasculaire est di- 
latable par application d'une force radiale dirigee 
vers I'exterieur sur celui-ci en subissant une defor- 
mation plastique jusqu'a une limite plastique maxi- 
mum lorsque la paroi tubulaire presente un diamfe- 
tre dans la fourchette d'environ 2,5 k environ 3,0 
mm. 

5. L'expanseur vasculaire non dilate selon une quel- 
conque des revendications 1 k 4, dans lequel l'ex- 
panseur vasculaire presente un diametre inferieur 
ou egal k environ 1,1 mm. 

6. L'expanseur vasculaire non dilate selon une quel- 



conque des revendications 1 k 4, dans lequel l'ex- 
panseur vasculaire presente un diametre dans la 
fourchette d'environ 0,5 k environ 1 ,1 mm, 

5 7. L'expanseur vasculaire non dilate selon une quel- 
conque des revendications 1 k 4, dans lequel l'ex- 
panseur vasculaire presente un diametre dans la 
fourchette d'environ 0,5 k environ 1,0 mm. 

10 8. L'expanseur vasculaire non dilate selon une quel- 
conque des revendications 1 k 7, dans lequel la pa- 
roi tubulaire presente une section transversale sen- 
siblement circulaire. 

*5 9. L'expanseur vasculaire non dilate selon une quel- 
conque des revendications 1 k 8, dans lequel la pa- 
roi tubulaire est construite en un materiau d6forma- 
ble de maniere plastique. 

20 10. L'expanseur vasculaire non dilate selon une quel- 
conque des revendications 1 a 9, dans lequel l'ex- 
panseur vasculaire porte une matiere de revete- 
ment choisie parmi une ou plusieurs du groupe 
constitue d'une matiere biologiquement inerte, 

25 d'une composition m6dicinale et d'une composition 
radioactive. 

11. Un expanseur vasculaire partiellement dilate com- 
prenant une extremite proximale et une extremite 

30 distale communiquant i'une avec I'autre, une paroi 
tubulaire dispos6e entre ('extremite proximale et 
I'extremite distale, la paroi tubulaire ayant un axe 
longitudinal et une surface poreuse definie par une 
pluralite de tiges interconnect6es ; caracterise en 

35 ce que l'expanseur vasculaire : 

a ete dilate par I'application d'une force radiale 
dirigee vers I'exterieur surcelui-ci a partir d'une 
premiere position non dilatee k une seconde 
40 position pre-dilatee k laquelle l'expanseur vas- 

culaire a atteint un point de deformation plasti- 
que, et 

est susceptible d'etre dilate encore par applica- 
tion d'une force radiale dirigee vers I'exterieur 
45 sur celui-ci k partir de la seconde position pre- 

dilatee k une troisieme position dilatee dans la- 
quelle l'expanseur vasculaire va subir une de- 
formation plastique jusqu'a une limite plastique 
maximum lorsque la paroi tubulaire a un dia- 
50 metre inferieur ou egal k environ 3,5 mm. 

1 2. L'expanseur vasculaire partiellement dilate selon la 
revendication 1 1 , dans lequel, dans la troisieme po- 
sition dilatee du expanseur vasculaire, la limite 

55 plastique maximum est atteinte lorsque la paroi tu- 
bulaire presente un diametre inferieur ou egal a en- 
viron 3,3 mm. 
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13. L'expanseurvasculairepartlellement dilate selon la 
revendication 11 , dans lequel, dans latroisieme po- 
sition dilatee du expanseur vasculaire, la limite 
plastique maximum est atteinte lorsque la parol tu- 
bulaire presente un diametre dans la fourchette 5 
d'environ 2,2 a environ 3,3 mm. 

1 4. L' expanseur vasculaire partiellement dilate selon la 
revendication 11 , dans lequel, dans latroisieme po- 
sition dilatee du expanseur vasculaire, la limite ?0 
plastique maximum est atteinte lorsque la paroi tu- 
bulaire presente un diametre dans la fourchette 
d'environ 2,5 a environ 3,0 mm. 

15. Une panoplie duplication d'un expanseur vascu- is 
laire comprenant : 

un catheter ; 

un element dilatable dispose sur le catheter ; et 
('expanseur vasculaire partiellement dilate se- 20 
Ion Tune quelconque des revendications 11 a 
14 dispose* sur le catheter. 

16. La panoplie d'application de expanseur vasculaire 
selon la revendication 15, dans laquelle I'expanseur 25 
vasculaire est monte mecantquementsur I'6l6ment 
dilatable. 

17. La panoplie d'application de expanseur vasculaire 
selon la revendication 1 6, dans laquelle I'expanseur 30 
vasculaire est serti sur Tenement dilatable. 
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FIG.9. 
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